Abstract. In this study, a simple, sensitive and accurate method was developed for the determination of lead ion by combining ionic liquid dispersive liquid-liquid extraction (il-dlle) with flame atomic absorption spectrometry. Tetraethylthiuram disulfide (tetd), acetone and 1-octyl-3-methylimidazolium hexafluorophosphate [(C 8 mim) (PF 6 )] were used as the chelating agent, dispersive and extraction solvent, respectively. Under the optimal conditions, the calibration graph was linear in the range of 5-190 μg L −1 of lead and the detection limit was 0.8 μg L −1 with a sample volume of 200 mL. The proposed method was validated by the analysis of one certified reference material and applied successfully to the determination of lead in real water samples.
Introduction
Heavy metals are generally considered to be of sufficient distribution and abundance as to be in some way environmentally or biologically significant as a toxic substance. Heavy metals may originate from various types of sources such as mining, energy and fuel production, fertilizer and pesticide industry, metallurgy, electroplating and atomic energy installation etc. [1] [2] [3] [4] .
Heavy metals in industrial and municipal effluent water (imew) are important sources of water contamination. The contamination and quality of imew is the main concern, especially in regions with limited water resources. One of the most important water pollution sources are refinery effluents which can release a large quantity of heavy metals, polycyclic and aromatic hydrocarbons by crude oil-processing and petrochemical industries. In such region, the imew samples usually contain high level of heavy metals, which enter into soil, water and plants causing environmental pollutions and poisoning food chain [5] [6] [7] [8] .
Lead (Pb) is the one of the most hazardous to the human health. Pb (ii) cation inhibits biosynthesis and affects the kidneys, brain cells and liver membrane permeability, reducing some of their functions. It can be accumulated in the body and can promote disturbances such as nausea, vomiting, diarrhea, coma and death. Lead pollution in imew has influenced the quality of life and may bring serious health problems for both human and animals [8] [9] [10] [11] [12] . Therefore, it is necessary to develop sensitive methods for determining lead in imew samples [13, 14] .
Various techniques such as inductively coupled plasma mass spectrometry [15] , luminescence quenching [16] , voltammetry [17] , co-precipitation [18] , flame atomic absorption spectrometry (faas) [19] , neutron activation analysis (naa) [20] , inductively coupled plasma optical emission spectrometry (icpoes) [21] and electro-thermal atomic absorption spectrometry (et-aas) [22, 23] have been applied for the determination of lead in water samples. Among them, faas has been a very attractive technique for routine metal determinations, due to ease of operation, and low acquisition and operating costs compared with others. Determination of lead by faas is difficult because of complex formation and significant matrix interferences, which invariably influence normal instrumental analysis. In addition, Pb concentrations in imew samples are near or below the limit of detection of faas. Therefore, preconcentration and separation methods such as cloud point [24] , microextraction [25] , liquid-liquid extraction [26] , solid phase extraction [27] , single-drop microextraction [28, 29] and dispersive liquid-liquid microextraction (dllme) [30] can solve the problems above and lead to simplified lead determination by faas. Dispersive liquid-liquid microextraction (dllme) is a miniaturization of the traditional lle technique, where the extractant phase is a water-immiscible solvent that can be directly immersed in the sample and dispersed by organic solvents or ultrasonic heating. Recently, ionic liquids (ils) have been used as extraction solvents in dllme. ils are organic salts that are liquids at room temperature and have high boiling points. They have various advantages over traditional organic solvents, as well as the possibility of use as extractant phase in water samples [31, 32] .
The aim of this work is to combine dispersive liquid-liquid extraction (dlle) and flame atomic absorption spectrometry for ultra-trace lead determination in imew samples. Experimental parameters affecting the extraction process were optimized, and the performance of the proposed method was evaluated.
Experimental

Reagents and chemicals
All reagents were of ultra-trace analytical grade from Merck Company (Darmstadt Germany). Ultrapure water and high purity reagents were used for all preparations of standard and sample solutions. Lead stock solution was prepared from an appropriate amount of the nitrate salt of this analyte as 1000 mg L −1 solution in 0.01 mol L −1 HNO 3 (Merck). Standard solutions were prepared daily by dilution of the stock solution. 0.2 mol L −1 acetate buffer solution was used for adjusting pH at 3.2. Polyoxyethyleneoctyl phenyl ether (tx-100) as the anti-sticking agent and tetraethylthiuram disulfide [(C 2 H 5 ) 2 NCSS 2 CSN (C 2 H 5 ) 2 )] were purchased from Sigma Aldrich (N:-T24201). Ultrapure water was obtained from the Millipore continental water system (Bedford, USA) and the ionic liquid 1-octyl-3-methylimidazolium hexafluorophosphate was obtained from Sigma Aldrich (Germany). All glass vessels used for the trace analysis were kept in 10% nitric acid solution for at least 24 h and subsequently washed with distilled water.
Apparatus
In this study, a flame atomic absorption spectrophotometer (faas-932, gbc, Australia) equipped with single-element hollow cathode lamps and air-acetylene burner was used for the determination of Pb (ii) ions. All instrumental settings were those recommended in the manufacturer's manual book of gbc. A pH meter, Metrohm E-744 Model (Herisau, Switzerland) equipped with glass electrode was employed for measuring pH values in the water samples. A gbc 932-aus model gf3000 atomic absorption spectrometer with deuterium background correction and a pyrolytic graphite tube atomizer, equipped with furnace, auto-sampler and a circulating cooling unit, was employed throughout. Measurements were carried out in the peak area mode at 283.3 nm, using a spectral band width of 0.4 nm. The lamp currents were set at 5 mA. The graphite furnace temperature program for the determination of metal ions is given in Table 1 .
Sampling
For sampling, all glass tubes were washed with a 0.5 mol L −1 HNO 3 solution for at least 24 h and thoroughly rinsed 6 times with ultrapure water before use. As Pb (ii) concentration in imew samples is very low, even minor contamination at any stage of sampling, sample storage and handling or analysis has the potential to affect the accuracy of results. All imew samples were collected from west and east of Tehran refinery (Shahreray) and Firoozabad River (Tehran-Varamin).
Procedure
The il-dlle preconcentration procedure was performed as follows: first, 5 mL of 2.0 × 10 −5 mol L −1 solution of tetd, 0.2 mL of triton X-100 1% (w/v), 5 mL of acetone as a dispersive solvent and a 10 mL buffer solution (pH = 3.2) were added to 200 mL of all standards and samples contained in conical centrifuge tubes, then 0.5 g of il was added for extraction of Pb (II). Triton X-100, an emulsifier and anti-sticking agent, was added to the solution in order to raise the efficiency of the extraction procedure. For optimizing recovery, 200 mL of 20 μg L −1 Pb (ii) standard solution was used instead of the sample, and 0.5 g of 1-octyl-3-methylimidazolium hexafluorophosphate [(C 8 mim)(PF 6 )] was added to the mixed complex. The resulting system was shaken for 2 min by way of ultrasonic shaking at 25 °C. In order to separate the phases, the turbid solution was centrifuged for 4 min at 3500 rpm and the aqueous phase of sample was removed with a transfer pipette before back extraction. Pb (II) was back-extracted from IL twice, by adding 0.5 mL of 1 mol L −1 nitric acid, and the separated aqueous phase was diluted with water up to 1.5 mL. Finally, the aqueous phase was shaken for 1 min and was aspirated into faas.
Results and discussion
Effect of pH
The pH of the sample solution plays an important role in the preconcentration procedure because the formation of soluble metal complexes and their stabilities in aqueous solution are strongly related to the pH of the medium. Optimization of pH was carried out with a set of solutions containing lead metal ions at the concentration given in the general procedure. The pH value of sample solutions was adjusted in a range 1-12 with appropriate buffer solutions. Results showed that the highest extraction efficiency for Pb (II) was achieved at pH 5 to 7. Thus, pH = 6 was selected for further studies (Fig. 1) . 
Effect of tetd concentration
The concentration of tetraethylthiuram disulfide is one of the important parameters for obtaining an optimized dlle method. The amount of tetd used for these assays was 5 mL of 1 × 10 −6 to 1 × 10 −4 mol L −1 solutions. The results showed that, by increasing tetd concentration up to 5.0 × 10 −5 mol L −1 , the recoveries also increased. Fig. 2 shows that 1.5 × 10 −5 mol L −1 was the minimum tetd concentration necessary to achieve maximum extraction efficiency, but as we wanted to ensure the whole reaction of trace metal ions with complexing reagent, 2.0 × 10 −5 mol L −1 ligand concentration was selected for further studies.
Effect of sample volume and amount of ionic liquid
Due to the low concentrations of trace metals in real samples, large sample volumes with the trace metals should be reduced to too much smaller volumes for high preconcentration factor. Hence, the maximum sample volume was optimized by determination of Pb(II) recovery from different sample volumes in the range 50-300 mL. Results are shown in Fig. 3 . All recoveries were quantitative until 200 mL and decreased above this volume. In this study, the final solution volume after back extraction was 1.5 mL. In addition, it was observed that extraction efficiency of the system was remarkably affected by ionic liquid amount, so it was examined within the range of 0.2-1 g. Quantitative extraction was observed for IL amount higher than 0.4 g (0.3 mL). Therefore, in order to achieve a suitable preconcentration, 0.5 g (0.38 mL) of ionic liquid [(C 8 mim)(PF 6 )] was chosen as optimum IL amount, leading to final 0.33 mL of IL recovered at the end of extraction procedure (Fig. 4) .
Effect of various mineral acids on the back-extraction
Direct injection of ionic liquids into faas was not possible, because ILs have high viscosity. The proposed method was based on back-extraction of lead from IL with a mineral acidic solution. Decreasing of pH leads to complex dissociation and releasing of lead ions into the aqueous phase. Therefore, different mineral acids (HCl, HNO 3 , H 2 SO 4 ) were studied for lead back-extraction from the IL phase. The results showed that 1 mol L −1 HNO 3 quantitatively extracted lead from the IL phase ( Table 2) .
Effect of matrix
faas is a very specific technique with low sensitivity to interference. Therefore, the potential interference effects occurring in this procedure are mainly related to the extraction process during the preconcentration step applied to target samples. Thus, interferences from coexisting ions should be considered. The effect of potential interferes occurring in environmental water samples on the determination of lead (ii) were tested using the optimized conditions of the proposed method. The procedure of dlle was performed using a 200 ml sample containing 50 
Analytical features
The analytical characteristics of the new method were calculated under the optimized conditions. These characteristics were calculated using the values of the signals for analytical curve. The proposed method showed linearity between 5 and 190 μg L −1 with a determination coefficient (R 2 ) of 0.99. Limit of detection (lod) was calculated as 3 sb/m, where sb is the standard deviation of the blank and m is slope of the linear section of calibration graph; the lod value was 0.8 μg L −1 . The limit of quantification (loq) was 3.0 μg L −1 (obtained for S/N = 10).The enrichment factor of proposed method was 135 and it was calculated by the ratio of angular coefficients of the calibration curves with and without preconcentration [25] . The precision, expressed as a relative standard deviation (R.S.D, n = 10), was 2.8% for lead solution containing 50 ng mL −1 and 3.2% for a lead solution having 120 ng mL −1 .
Method validation
The validation of the presented procedure was performed by analysis of a certified reference material for lead values (rtcnist crm 3128). The certified and observed values for certified reference material are provided in Table 3 . The results found were in agreement with the certified values of crm. Also, validation of the methodology was confirmed by using directly analyzed lead in water samples with Mg (NO 3 ) 2 modifier and electro-thermal atomic absorption spectrometry (etaas), results are given in Table 4 .
Since it was found that the proposed method was very useful for the preconcentration of ultra-trace lead in the presence of interferences, the method was applied to the analysis of industrial effluent water (iew), drinking water (dw), well water (ww) and municipal effluent water (mew) samples under optimal experimental conditions. The obtained results are presented in Table 5 , and the recoveries varied in the range 96-102%. The results showed that the proposed method is comparable with respect to other powerful techniques as et-aas and icp (Table 6 ).
Conclusions
In this research, il-dlle combined with faas was used to develop a new procedure for the determination of trace amounts of Pb (II) in water samples. The developed method is simple, rapid, selective and sensitive and can be used for trace lead determination in environmental samples. The enrichment factor was 135. A limit of detection (lod) of 0.8 μg L −1 was achieved at pH 3.2 with a sample volume of 200 mL. Validation of the methodology was confirmed using certified reference material (crm) and et-aas. tetd has difference with sodium diethyl dithiocarbamate (Naddc), dithizone and ammonium pyrroldinedithiocarbamate (apdc), used as chelating agents in many references. tedt faster transported Pb into il and the efficiency of extraction was superior to others. Also, tetd is immiscible in water and removal from water at the end of extraction is easy. The results show that the method is comparable with respect to other powerful techniques such as et-aas and icp. The proposed method was successfully applied to the determination of Pb (ii) at low levels in different water samples. a Mean of three determinations ± confidence interval (P = 0.95, n =3) 
